Network-layer handover latency is one of the fundamental limitations in any IP-based cellular network. A long handover latency results in high packet losses and severely degrades its endto-end TCP performance. Delay sensitive real-time applications demands packet lossless and low latency Quality-of-Service (QoS) guarantee during handover. S-MIP [4] mitigates these effects by integrating hierarchical approach [2] and fast-handover mechanism [3] to achieve a seamless handover architecture with no packet losses and extremely low handover latency operating in WLAN environment.
INTRODUCTION
Due to terminal mobility and change of service area, IP mobility support is an important aspect in UMTS networks in order to provide mobile users negligible packet loss rate and low handover latency guaranteed QoS to run real-time applications. While the radio access handover (layer 1) and link-layer mobility (layer 2) is provided by WCDMA access systems, the UMTS core networks need to be able to support IP handover (layer 3 and above) for seamless connectivity to the UMTS nodes [1] . A long handover latency results in high packet losses and severely degrades it endto-end TCP performance. Therefore, it is crucial to provide efficient network-layer mobility management in UMTS/WCDMA networks for seamless end-to-end TCP connectivity with the global Internet.
The challenge to provide seamless mobility in UMTS requires localized location management and efficient IP handover management. Mobile IPv6 (MIPv6) protocol offers a better mobility support to provide node mobility management for a diverse applications and UMTS devices on the Internet. To mitigate the effect of lengthy IP handover latency, two wellknown network-layer handover reducing mechanisms based on Mobile IPv6 have been proposed in the literature. Hierarchical management [2] aims to reduce the network registration time by using a hierarchical network management, and Fast-handover [3] attempts to reduce the address resolution delay through address pre-configuration. S-MIP (Seamless Mobile IP) [4] integrates the key benefits of the above IP mobility mechanisms coupled with local retransmission scheme to achieve packet lossless and extremely low handover latency in WLAN environments.
The underlying UMTS/WCDMA access networks support linklayer mobility management in terms of connection setup and resource release. When the UMTS devices are IPv6 compatible, it is therefore capable to extend and synthesize the key benefits of S-MIP into UMTS packet networks. This paper presents a seamless handover architecture for UMTS in S-MIP model. The optimised architecture is able to achieve the negligible packet lost rate and extremely low handover latency on end-to-end TCP performance. Therefore, the overall system is able to meet the requirements of delay-sensitive real-time applications that require strict delay bound, packet loseless and QoS guaranteed performance during a UMTS IP-based handover. The rest of the paper is organized as follows. Section 2 describes the seamless architecture framework in UMTS. The network model is described in Section 3. Section 4 presents the performance evaluation and finally the concluding remarks are provided in Section 5.
NETWORK ARCHITECTURE
The UMTS/WCDMA network scenario for S-MIP corresponds to hybrid architectures between the "pure" models of UMTS/WCDMA and S-MIP respectively. The S-MIP model contains the following six node types: namely MN, AR, MAP, DE, HA and CN. While the "traditional" UMTS/WCDMA model contains the following six network elements: namely UE, NodeB, RNC, SGSN, GGSN and CN. From a user-IP point of view, the network entity formed by NodeB-RNC-SGSN-GGSN behaves as a "last hop link". In particular, it means that micro-mobility is handled entirely within the UMTS access and core networks and is completely transparent to the IP-layer. The mapped scenario is S-MIP for GSN session continuity in UMTS/WCDMA network. The user-IP is visible upto GGSN and there is a direct 1-to-1 hierarchical mapping between GGSN and the corresponding AR. The HA has been placed at the same node layer of GGSN/AR. From a session continuity point of view, the MAP sits in between the CN and GGSN/AR. The functionality of the AP is distributed to the NodeB. Therefore, the hybrid UMTS-SMIP model has seven network elements with the inclusion of additional MAP network entity.
The MAP entity is placed at the edge of the UMTS packet core domain. It acts as a gateway to maintain a binding between itself and the UE falls under its visiting domain. A "loose-coupling" network architecture is assumed here whereby both the UMTS packet core domains are integrated via AAAL entity. The home agent functionality is provided by the HLR register in the home network of the UE. Radio access handover (handover at layer-1 & 2) is managed by UMTS/WCDMA radio access systems namely NodeB and RNC. And IP mobility is entirely provided by UMTS packet-switched core networks consisting of SGSN and GGSN. The converged handover scheme introduces a new way to support data and IP mobility in UMTS/WCDMA packet networks so that the end nodes perceive a seamless connectivity during handover.
NETWORK MODEL
The seamless handover scheme in UMTS is validated by simulating a handover scenario in UMTS network topology. The UMTS extensions to ns described in [5] were extensively modified to suit the UMTS simulation requirements. The goal of the simulation is to investigate the effect of applying S-MIP framework in UMTS mobile networks on the IP handover latency established on an end-to-end TCP session. The base-stations are set to be 70m apart. For simulation purpose, the base-station is parameterized with service coverage area of 40m to show minimum overlapping distance between them and is connected to the UMTS Core Network providing access router functionalities. The link delay between MAP and the Internet is set to be 50ms to illustrate the effect of MAP on IP handover latency.
A ns TCP source agent is attached to CN and a ns TCP sink agent to UE. The UE is positioned near the NodeB 1 and moves at a constant speed of 1m/s towards the NodeB 2 after the simulation runs for 10s. The TCP connection is established and a FTP application session is evoked at 5s after the simulation has started. All simulations are run for a duration of 80s allowing TCP to transfer data in its full window when handover occurs. The 80s simulation period includes 5s of network initialization, 5s of stationary TCP transaction and followed by 70s of constant linear movement of UE in active TCP transfer.
PERFORMANCE EVALUATION
A simple performance matrix in terms of IP handover latency, average data throughput and packet lost cost is devised to examine the various MIPv6 simulation architectures in UMTS networks. Table 1 summarizes the performance results of all the simulated MIPv6 schemes. The table is sorted in the descending order of IP handover latency. The average data throughput is defined as the total bytes of TCP packets successfully transferred from CN to UE over the entire simulation duration. The impact of handover latency, throughput and packet lost for UMTS in S-MIP shows significant improvement over the various Mobile IPv6 schemes and standard Mobile IPv4. It has been observed that the IP handover latency improves by ~60% compared to the combined HMIPv6 + FMIPv6 scheme and ~90% to standard MIPv4. The average data throughput increases by ~0.88% compared to combined HMIPv6 + FMIPv6 and ~6.56% to MIPv4. The relationship on IP handover latency and data throughput is linearly related. Negligible edge-and segmentpacket losses are detected in this seamless handover scheme. Packet out-of-order problem and TCP re-transmission phenomena was not observed for UMTS in S-MIP framework. 
CONCLUSION
This paper presents a comparative study regarding the impact of various QoS performance measures on end-to-end TCP connection for various Mobile IP framework variants, namely the standard MIPv4, standalone HMIPv6 and FMIPv6, combined HMIPv6 + FMIPv6, and S-MIP. The performance matrix for evaluation includes IP handover latency, average data throughput and packet lost rate. It is shown through simulation studies that S-MIP is capable to reduce the IP handover latency by 2.5 times compared to combined HMIPv6 + FMIPv6 scheme and 11 folds when compared to standard MIPv4. The average data throughput in S-MIP increases by ~0.88% compared to combined HMIPv6 + FMIPv6 and ~6.56% to MIPv4. Negligible packet lost rate is detected in S-MIP for UMTS. This UMTS seamless network architecture is able to meet the requirements of delay-bound, near packet losses and guaranteed QoS performance on real-time applications during a UMTS IP-typed handover. In the next phase of this research work, the effect of S-MIP on WCDMA Evolved technology -HSDPA (High Speed Data Packet Access) on end-to-end TCP performance will be investigated.
